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SUPMAKY 

This  memo d e t a i l s  the  ob jec t ives ,  requirements, con f igura t ions ,  i n s t r u -  
mentation and t e s t  procedures f o r  t he  water f low t e s t i n g  of the  f u l l - s c a l e  
t ransparent  SSME Phase I 1  and Phase 11+ turnaround duct  (TAD)/d i f fusers/hot  gas 
man i fo ld  (HGM) f l o w  models. These t e s t s  w i l l  be conducted a t  the  NASA-Marshall 
Space F i i g h t  Center (MSFC) Dynamic F l u i d  Flow F a c i l i t y .  
previoclsly run  a t  MSFC w i t h  a ha l f -sca le  model as repor ted  i n  Reference 1. 

S i m i l a r  t e s t s  were 

OBJECTIVES 

The purpose o f  t he  f u l l - s c a l e  SSME water model t e s t i n g  i s  t o  v e r i f y  tbe  
a c c e p t a b i i i t y  o f  the  ATD HPFTP and HPOTP TAD/diffuser f lowpaths and prov ide  
data t o  support redesign, i f  necessary. Th is .w i11  be done by meeting t h e  
f o l l o w i n g  ob jec t i ves  : 

1. 

2. 

3. 

4. 

5 .  

Ascer ta in  the  f l o w  d i s t r i b u t i o n  and pa t te rns  i n  the  h igh  pressure f u e l  
turbopump (HPFTP) and h igh  pressure o x i d i z e r  turbopump (HPOTP) TAD'S,  
d i f f u s e r  sect ions,  and HGM. 

Determine the  c i r cumfe ren t ia l  v a r i a t i o n  i n  flow d i r e c t i o n  f o r  bo th  the  
Phase I 1  and Phase 11+ HGM conf igura t ions .  

V e r i f y  t h a t  the  HPFTP and HPOTP T A D ' S  a re  separat ion- f ree.  

Compare the  f l o w  c h a r a c t e r i s t i c s  o f  th ree  d i f f e r e n t  HPFTP d i f f u s e r  strut  
designs . 
Measure the  t o t a l  pressure losses, s t a t i c  pressure recover ies,  and l o c a l  
f l o w  angles i n  the  TAD'S, d i f fuser  sect ions,  and HGM. 
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REQUIREMENTS 

The requ i red  water f lowra tes  and supply pressures are  l i s t e d  i n  Table I .  
Pressures w i l l  be monitored t o  avo id  damage t o  the  t e s t  models and e s t a b l i s h  
s i m i l a r i t y  between tes ts .  Flow v i s u a l i z a t i o n  w i l l  be accomplished us ing 
aluminum p a r t i c l e s  and a i r  bubbled through e x i s t i n g  pressure taps; the  r e s u l t -  
i n g  f low pat te rns  w i l l  be photographed w i t h  s t i l l  and h igh  speed motion p i c t u r e  
cameras, and t raced onto c l e a r  p l a s t i c  wrapped around the f l o w  models. 

CONFIGURATIONS 

The SSME assembled f l o w  model i s  i l l u s t r a t e d  i n  F igure 1; Figure 2 shows 
cross sect ions o f  the  TAD r i g s  and bowls, a long wi th l o c a t i o n  angle conven- 
t ions .  Tests w i l l  be conducted w i t h  f u l l - s c a l e  water models o f  the SSME Phase 
I1 and Phase 11+ HGM's. Phase I1 t e s t s  w i l l  use e x i s t i n g  MSFC bowls; Phase I I+  
t e s t s  w i l l  i ncorpora te  p o r t i o n s  o f  the Phase I 1  a i r  model. 
t e s t i n g ,  P&W w i l l  supply t ransparent  pre-burner, f u e l  and LOX bowl and t r a n s f e r  
tube sect ions.  P&W w i l l  a l s o  prov ide f u l l - s c a l e  HPFTP and HPOTP water f l o w  
t u r b i n e  s imulators  t o  be mounted on the  HGM f low models. These s imulators  w i l l  
i ncorpora te  meter ing o r i f i c e  p l a t e s  t o  s imulate t u r b i n e  pressure drop; and 
replaceable t u r b i n e  s w i r l  vanes t o  s imulate the  65% and 109% engine power 
leve ls .  I n  add i t ion ,  the  HPFTP s imulators  w i l l  have f i v e  interchangeable 
d i f fuser  and s t r u t  assemblies f o r  eva lua t ing  the f l o w  c h a r a c t e r i s t i c s  of 
d i  f f e r e n t  s t r u t  designs . 

For the Phase 11+ 

INSTRUMENTATION 

probes w i l l  be loca ted  throughout the water f low model. The f u e l  s ide  of the 
Phase I 1  model w i l l  be instrumented w i t h  160 s t a t i c  pressure taps, 18 t o t a l  
pressure rakes, and 27 d i r e c t i o n a l  probes, w h i l e  the LOX s i d e  w i l l  have 107 
s ta t i ' c  pressure taps and 13 t o t a l  pressure rakes. The Phase 11+ f u e l - s i d e  . 
measurements w i l l  i nc lude 159 s t a t i c  pressure taps, 27 t o t a l  pressure rakes, 
and 43 d i r e c t i o n a l  probes. The Phase 11+ LOX s i d e  w i l l  be monitored by 112 . 
s t a t i c  pressure taps, 13 t o t a l  pressure rakes, and 15 d i r e c t i o n a l  probes. In 
add i t ion ,  the  racet rack and main i n j e c t o r  w i l l  be instrumented w i t h  89 s t a t i c  
pressure taps, and another 5 1  s t a t i c  pressure taps, 5 t o t a l  pressure rakes, and 
5 d i r e c t i o n a l  probes w i l l  be loca ted  i n  the t r a n s f e r  ducts. Not a l l  
measurements w i l l  be connected a t  the  same time. A l i m i t  o f  399 measurements 
can be recorded a t  one time, so the  inst rumentat ion w i l l  have t o  be broken up 
i n t o  two groups. Also, a t  the  l o c a t i o n s  where both t o t a l  pressure rakes and . 
d i r e c t i o n a l  probes e x i s t ,  e i t h e r  the  rakes or the probes w i l l  be connected, b u t  
n o t  both. 

S t a t i c  pressure taps, t o t a l  pressure rakes, and 20 and 30 d i r e c t i o n a l  

Measurements w i l l  be made i n  a number of planes i n  the  fue l  and o x i d i z e r  
HGM f lowpaths, and most inst rumentat ion planes w i l l  have a number of measure- 
ment l o c a t i o n s  spaced c i r c u m f e r e n t i a l l y  i n  the plane. Phase I 1  conf igura t ion  
s imu la to r  measurement l o c a t i o n s  are shown i n  Figures 3 and 4, w h i l e  the  Phase 
I I +  measurement l o c a t i o n s  are  i l l u s t r a t e d  i n  Figures 5 and 6. 
I i I  d e t a i l  the  inst rumentat ion along w i t h  i t s  loca t ions ,  header names, ranges, 
accuracies, and groupings. Phase I 1  and 11+ measurements a re  l i s t e d  

Tables I 1  and 
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separat l y ,  s i  e x i s t  i n  f u  
between the Phase I 1  and Phase I I +  tes ts .  

d i  f f erenc 1 bowl d HGM measurement l o c a t i o n s  

DATA ACQUISITION AND ANALYSIS 

s i s  systems and s to red  i n t o  AFAS/DBS (Aero/Fluids Analys is  System/Data Base 
Storage). Data p o i n t s  w i l l  be recorded on ly  a t  steady-state cond i t ions ,  b u t  
w i l l  be taken as scans over an i n t e r v a l  o f  time. This  t ime i n t e r v a l  w i l l  be 
def ined dur ing  i n i t i a l  t e s t  runs, which w i l l  determine the v a r i a t i o n  i n  f l o w  
cond i t ions  w i t h  time. 

Test data w i l l  be acquired us ing the  f a c i l i t y  data a c q u i s i t i o n  and analy-  

Test data w i l l  be reduced on- l ine  and o f f - l i n e .  A s e t  o f  run i d e n t i f i c a -  
t i o n  parameters w i l l  be entered i n t o  the computer system before each run so 
t h a t  the run  cond i t ions  associated w i t h  each s e t  o f  data w i l l  be permanently 
recorded. Table I V  l i s t s  t h e  in fo rmat ion  t h a t  w i l l  be input .  

Some o n - l i n e  data reduc t ion  i s  necessary t o  s e t  the  t e s t  f l o w  cond i t ions  
and insure  t h a t  reasonable data i s  recorded. Add i t iona l  d e t a i l e d  data reduc- 
t i o n  w i l l  be done l a t e r  o f f - l i n e  t o  determine such th ings  as v e l o c i t y  heads, 
pressure l o s s  and recovery c o e f f i c i e n t s ,  and t ransverse pressure d i f f e r e n c e  
coef f ic ients .  Appendix A conta ins the equations used t o  do the  on- l ine  and 
o f f - l i n e  data reduct ion.  Reduced data w i l l  be p l o t t e d  us ing P&W's LJnigraph 
System. 

TEST PLAN 

Test ing  w i l l  be accomplished a t  the NASA-MSFC F l u i d  Flow F a c i l i t y .  A f l o w  
schematic f o r  the f a c i l i t y  i s  shown i n  F igure 7. 
be the f i r s t  t e s t  conducted t o  e s t a b l i s h  what r i g  pressure w i l l  be a t  the 
requ i red  t e s t  maximum f lowra te .  
and subsequent model t e s t i n g  are  g iven i n  Tables V and V I .  Test  matr ices 
appear i n  Figures 8 and 9. 
recorded a t  once, two runs w i l l  have t o  be conducted f o r  each t e s t  conf igura-  
t i o n / f l o w r a t e  combination. Group I ins t rumentat ion cons is ts  mainly o f  f u e l -  
s i d e  measurements p lus  some reference o x i d i z e r - s i d e  measurements w h i l e  Group I1 
ins t rumentat ion i s  made up o f  ox id izer -s ide  measurements , some reference 
fue l -s ide measurements and t r a n s f e r  duct  and main i n j e c t o r  measurements. These 
groupings are  def ined i n  Tables I 1  and 111. 

Some combinations 
of model con f igura t ions  and f l o w  r a t e s  w i l l  be de leted once r e s u l t s  have been 
obtained i n  the  e a r l y  t e s t i n g .  

A f l o w  c a l i b r a t i o n  t e s t  w i l l  

Test procedures f o r  the f l o w  c a l i b r a t i o n  t e s t  

- Since a maximum o f  o n l y  399 measurements can be 

The t e s t  m a t r i x  def ined in Figures 8 and 9 i s  f l e x i b l e .  

EXPECTED RESULTS 

Figure 10 shows expected f low f i e l d s  i n  the HGlY TAD f o r  the  Phase I 1  and 
I I+  conf igura t ions  w i t h  no s t r u t s  o r  posts, based on the  h a l f - s c a l e  water f l o w  
t e s t  program r e s u l t s  repor ted  i n  Reference 1. Besides having l e s s  f l o w  s w i r l ,  
the  Phase 11+ f l o w f i e l d  has i t s  f l o w  d i v i s i o n  reg ion  s h i f t e d  from 160-165 
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degrees i n  the  Phase I 1  c o n f i g u r a t i o n  t o  140-145 degrees i n  the  Phase 11+ 
f l  owpath. . 

Values of f u e l - s i d e  s t a t i c  pressure losses, t o t a l  pressure loss  c o e f f i -  
c ien ts ,  and transverse s t a t i c  pressure c o e f f i c i e n t s  f o r  the  109% power l e v e l  
(2576 GPM) can a l s o  be est imated from the  h a l f - s c a l e  r e s u l t s .  
f lowrates used i n  the  c u r r e n t  t e s t i n g  are  f o u r  t imes those o f  the  h a l f - s c a l e  
t e s t s ,  s i m i l a r i t y  has been preserved, and the f u l l - s c a l e  pressure p r o f i l e s  
should be s i m i l a r  t o  the half-s.cale r e s u l t s .  

Since the  

Expected f u e l - s i d e  s t a t i c  pressure losses f o r  Phases 11 and 11+ conf igu-  
r a t i o n s  are  g iven i n  Figures 11 through 14. 
r e l a t i v e  t o  t h e  bul lnose s t a t i c  pressure. 

The pressure l o s s  values are  

Estimated f u e l - s i d e  t o t a l  pressure loss  c o e f f i c i e n t s  r e l a t i v e  t o  the  
preburner duct  t o t a l  pressure and the s w i r l  vane e x i t  t o t a l  pressure f o r  Phases 
I1 and 11+ conf igura t ions  are  shown i n  Figures 15 through 18. Pressure l o s s  
c o e f f i c i e n t s  a re  c a l c u l a t e d  by s u b t r a c t i n g  the  preburner duct  o r  s w i r l  vane 
e x i t  pressure from the  l o c a l  pressure and d i v i d i n g  by the reference v e l o c i t y  
head. 
assemblies. F igure 19 shows est imated ox id izer -s ide  t o t a l  pressure l o s s  
coef f i c ien ts  r e l a t i v e  t o  the  t u r b i n e  e x i t .  The o x i d i z e r - s i d e  p r e d i c t i o n s  are 
der ived from in format ion presented i n  the  memo l i s t e d  under Reference 2. 

Estimates are  made f o r  s t r u t l e s s  d i f fusers and ones w i t h  s t r u t  and post  

Predic ted f u e l - s i d e  t ransverse s t a t i c  pressure c o e f f i c i e n t s  a t  th ree  
d i f f e r e n t  s t a t i o n s  are  g iven i n  Figures 20 through 29. These are  c a l c u l a t e d  by 
s u b t r a c t i n g  the  average pressure a t  a s t a t i o n  from the l o c a l  pressure and 
d i v i d i n g  by t h e  reference v e l o c i t y  head. Pred ic t ions  are  g iven f o r  Phases I 1  
and 11+ conf igurat ions and f o r  s t r u t l e s s  and s t r u t t e d  d i f fusers .  

G. Wol fbrandt  
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TABLE I .  WATER FLOW TEST CONDITIONS 

Fuel - S i  de 
F1 owrate 

( G P M )  

450 

.goo 

1350 

1800 

Fuel Side 
Supply Ox i d i  zer-S i de 

Pressure F1 owra te 
(PSIG)  _. (GPM)  

194 

,TBD i' ;,+' 388 

'JgD." / &  582 

..' TBD 3;  

- TBD 776 
I 

I .  

I .  

Oxidi zer-Si de 

Pressure 
(PSIG) 

Supply 

TBD 
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TABLE I V .  RUN IDENTIFICATION INFORMATIOH 

I dent i f i e r  

Run Number 

Rerun Number 

Water Temperature 

Barometric Pressure 

Power Level 

D i f f u s e r  S t r u t  Set 

Fuel-Side Flow Rate 

LOX-Side Flow Rate 

Entry 

# 

iir 

rf 

A l7 

65 o r  109% 

A ,  8 ,  C ,  D o r  E 

s 
n" 

Rakes o r  Probes Se lec t ion  R o r  P 

Rakes/probes Angles 

Rakes/Probes Radia.1 Posit ions 

Y 
7 

4 

. "  

.. . -  
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TABLE V. FLOW CALIBRATION TEST PROCEDURE 

1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 

I '  

9. 
10. 

I ,. 

I '  
I 

, '  
'. > 

11. 
12. 
13. 
14. 

15. 

16. 
17. 
18. 

19. 
20. 

21. 

Ascertain.  t h a t  dump tank conta ins water. 
Ascer ta in  t h a t  pump i s o l a t i o n  gate valves are  open. 
Connect Group I instrumentat ion.  
Open model a i r  purge valves. . 
Open 6" and 8" b a l l  supply l i n e  valves t o  part-open p o s i t i o n .  
Close 8" discharge valve. ' 

Slowly f i l l  r i g  w i t h  water u n t i l  f u l l .  
Open 6" and 8" b a l l  supply l i n e  valves and f l o w  c o n t r o l  va lve t o  f u l l - o p e n  
pos i ti on. 
Bleed ins t rumenta t ion  l i n e s  and c lose model a i r  purge valves. 
Record water-of f  zero readings (WOZ) . 
Record zero- f low pre-run data po in t .  
Open 8" discharge valve. 
S t a r t  f u e l - s i d e  supply pump and begin t o  f i l l  dump tank. 
When dump tank i s  over h a l f  f u l l  s t a r t  LOX-side supply pump and r e t u r n  
Pump 
Gradual ly increase LOX-side, fue l -s ide,  and r e t u r n  f lowra tes  t o  TBD, TBD 
and TBD GPM. 
Ascer ta in  t h a t  r i g  pressures are  below maximum al lowable.  
Record Group I data points .  
Slowly increase fuel-s ide,  LOX-side and r e t u r n  pump f lowra tes  t o  TBD GPM, 
making sure t h a t  r i g  pressures remain below maximum al lowable.  
Record Group I data po in ts .  
Repeat steps 18 and 19 u n t i l  fue l -s ide and LOX-side f lowra tes  o f  1800 and 
776 GPM'have been reached, o r  r i g  pressures reach maximum al lowable.  
Shut o f f  pumps and d r a i n  water from model. 



1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 

9. 
10. 
11. 
12. 
13. 
14. 

15. 

16. 

17. 
18. 

19. 

20. 
21. 

22. 

23. 

TABLE V I .  WATER FLOW TEST PROCEDURE 

Ascer ta in  t h a t  dump tank conta ins water. 
Ascer ta in  t h a t  pump i s o l a t i o n  gate valves are  open. 
Connect Group I ins t rumentat ion.  
Open model a i r  purge valves. 
Open 6" and 8" b a l l  supply l i n e  
Close 8" discharge valve. . 
Slowly f i l l  r i g  w i t h  water u n t i  
Open 6" and 8" b a l l  supply l i n e  
p o s i t i o n .  
Bleed ins t rumenta t ion  l i n e s  and 
Record water -o f f  zero readings 
Record zero- f  1 ow pre-run data p 
Open 8" discharge valve. 
S t a r t  f u e l - s i d e  S U D D ~ Y  Dump and 

valves t o  part-open p o s i t i o n .  

valves and f low c o n t r o l  va lve t o  fu l l -open 

c lose  model a i r  purge valves. 

i n t .  

f u l l .  

WOZ) . 
beqin t o  f u l l  dumD tank. 

I .  - 
When dump tank i s  over h a l f  f u l l  s t a r t  LOX-side supply pump and r e t u r n  . 

Pump 
Gradual ly increase LOX-side, fuel-s ide,  and 
and 450 3PM. 
Slowly c lose  f l o w  c o n t r o l  va lve u n t  
reaches TBD. 
Record Group I data po in ts .  
Open f l o w  c o n t r o l  va lve and s lowly  
f lowra tes  t o  388, 900 and 900 GPM. 
Slowly c lose  f l o w  c o n t r o l  va lve u n t  
reaches TBD. 
Record Group I data points .  
Open f l o w  c o n t r o l  ' v a l v e  and gradual 
r e t u r n  f lowra tes  t o  582. 1350 and 1 

1 TBD-s 

ncrease 

1 TBD-s 

r e t u r n  f lowrates t o  194, 450 

de i n  

LOX-s 

de i n  

y increase LO 
50 GPM. 

e t  s t a t i c  pressure 

de, f u e l - s i d e  and r e t u r n  

e t  s t a t i c  pressure 

-side, f u e l - s i d e  and 

Slowly c lose  f l o w  c o n t r o l  va lve u n t i l  TBD-side i n l e t  s t a t i c  pressure 
reaches TBD. 
Record G r o w  I data Doints.  

24: Open f low c o n t r o l  va ive and s lowly  increase LOX-side, f u e l - s i d e  and r e t u r n  
Dump f lowrates t o  776, 1800 and 1800 GPM. 

25. 

26. 
27. 

28. 
29. 
30. 
31. 
32. 

33. 

34. 
35. 

Slowly c lose  f l o w  c o n t r o l  v a l v e  u n t i l  TBD-side i n l e t  s t a t i c  p ressure  
reaches TBD. 
Record Group I data po in ts .  
Shut off  pumps and c lose r i g  discharge va lve main ta in ing  r i g  f u l l  o f  
water. 
Record zero-f low post-run data po in t .  
Close 6" and 8" b a l l  supply l i n e  valves and empty water from r i g .  

4 through 28. Connect Group 11 measurements and repeat steps 
Open f l o w  c o n t r o l  valve. 
Open discharge va lve and s lowly  increase LOX-s 
f lowrates t o  TBD, TBD and TBD GPM. 
Slowly c lose f l o w  c o n t r o l  va lve u n t i l  TBD-side 
reaches TBD. 
Perform f l o w  v i s u a l i z a t i o n .  
Shut off  pumps and d r a i n  water from model. 

de, fue l -s  

i n l e t  s t a t  

de and r e t u r n  

c pressure 

... 
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F igu re  1. SSME HGM Assembled Water Flow Model on 
Support Stand 
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HPFTP TAD Rig and Bowls 

Figure 2.  Cross Sections and Angular O r i e n t a t i o n  o f  
TAD Rigs and Bowls 

HPOTP TAD Rig and Bowls 



I l l 1 1  



! . !  

e 

I - - 
UJ 
v) a 
I e 

c 
i 

a 
Yi 
t 
v) 
Lu + 

/ I  

v) 
E 
0 
c, 
a 
V 
0 
-I 

E aJ E 
QI 
L 
7 
v) 
a 
QI r: 
n c 
0 c 
I 

.C 

U 

c( 

M 

QI 
v) 
m c 
CL 

d 

2 
3 
01 

LL 
.C 



. .I 

.- . 

. 

.. . .  



- i '  . 
:.,: . 

. _  

! '.' 

d 

0 a a z 
0 c 

L 



. 

\ -  

r . 

. . .~ 

I 

a 
E 
.C 

* z 
4 c 
n 

a 3 
a 
E 

d 
.C 

?- 
c 
n 
n 
J m 
a 
U 
v) 
.C 

co 

c 
c 
tu 
m 

. .  



! 

, .: 

I . .E  I. 

.- 

I 

.C Y > 

I E l  

! 



E 
0 
.C 

L 
0 cc 
x 
L 
c, 

.C 

m 
E 

a 
L 

LA.. 



c -' 

1 : :  

t .  
, _  

I -  

I .  

, -  

I 

1 .  

. .  

Lt 
c, 
C 
0 
P 

c, 
3 
L 
c, 
v) 

0 z 
I 

c 
0 
.C 

aJ 
VI 
4 c n 

Gl u 
VI 
0 

u 

u vl 
- 2  

0 
L 

I 

c 
0 
.C 

0 

a 
la 
L 
Q, 
.C 

v) a c 
*C 

+ 
w 
LI 

aJ 
VI 
4 c a. 

8 

U 
Y 
CI 
V aJ 
X w 
a 



1 -' ', 

, .  i 

, .  
1 1  

I"  

i :. 

1'- ' 

! I  

I. 

I 

aJ 
L 

Y 
V) 
0 c 
c 
c 



1, I 

, .". 

i, 

r 
1. 

! 

.. 

m 

I 

Y 

u 
ul 
w 

cu 

aJ 
d 



ri . 

1% 

t '  
\ r  

r 

j '. 

i' 

I 
I ..' 

i 

i 
, .> 

m 

Y 

d 



i' ' 

1 :  
I -  

\ ._ 

I 

'> 

1 -  

I 

I .  

aJ 
J 
LL 

U 
aJ 
c, 

= 
4 
v) 
W 

9 
.C 



'.. ' 

/"  . 
. .  
i 

I 
I' 1 

i 

I ,  

L _' 



8 .  
' *  ' 

3-1 .. 
i , ,. 
'. : I 
. . ., 

J ,! 

\ 
1 .. 

v - 3  

i 
I '  

. .  



,.* 

i z 

I 

! 

i ;  

i 

.. 
w 

h 
4 

Y 
L 
a 
m 
& 
.r 

I- 

- 



* * .  
' . 

f 

1 . "  
I' 

I 

I 

.. 

6 



. -  

r- 

I ;  

I .  
1 

I . 
Q 

z n w  
, . .  

',, 

+ 
n 
n 

W 
E tu 

CI 
CI 

a 
ul 
m c 
CL 

I 

ul 
Y 
E aJ 
V 

Q- ce a 
0 
V 

ul 
ul 
0 
A 

a 
L 
3 
ul 
ul aJ 
L 
0 

tu 
Y 
0 + 
aJ 
U 
v) 
I 
L 
a2 

U 
X 
0 
'0 a 
c1 

.C 

.C 

c 

.r 

.v 
*r 

.r 

P 
*r 
Y 
ul 
Y 

QI 

a 
L 

0 3  

LL 

d 

a 
.r 



2700 
I 
I , 

Figure  20. Estimated Fuel-Side Circumferent ial  Turbine E x i t  S t a t i c  
Pressure C o e f f i c i e n t s  - 

Phase 11, With D i f f u s e r  S t ru ts  and Posts 
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Figure 21. Estimated Fuel-Side Circumferential Turbine Exit Static 
Pressure Coefficients - 

Phase 11, With Diffuser Struts and Posts 
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Figure 22. Estimated Fuel-Side Circumferent ial  Turbine E x i t  S t a t i c  
Pressure C o e f f i c i e n t s  - 

Phase I I+ ,  No D i f f u s e r  S t ru ts  or Posts 

1 8 0 0  
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Figure 26. Estimated Fuel -Side Circumferent 

Phase I I+ ,  No Dif fuser  S t r u t s  o r  
Pressure C o e f f i c i e n t s  - a1 TAD Ex 

Posts 

t S t a t i c  

a 



Figure 27. Estimated Fuel-Side Circumferent ia l  TAD E x i t  S t a t i c  
Pressure C o e f f i c i e n t s  - 

Phase I I+ ,  With Di f fuser S t r u t s  snd Posts 



' Figure 28. Estimated Fuel-Side Circumferential Fuel Bowl Static 
Pressure Coefficients - 

Phase 11, With Diffuser Struts and Posts 

I i. 

. .  
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Figure 29. Estimated Fuel-Side Circumferential Fuel Bowl Static 
Pressure Coefficients - 

Phase I I + ,  Nith Diffuser Struts and Posts 
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F igure 23. Estimated Fuel-Side C i rcumferent ia l  Turbllie E x i t  S t a t i c  
Pressure C o e f f i c i e n t s  - 

Phase I I + ,  With D i f f u s e r  S t r u t s  and Posts 
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Figure 24. Estimated Fuel-Side Circumferent ial  TAD E x i t  S t a t i c  
Pressure Coeff ic ients - 

Phase 11, No Dif fuser S t r u t s  o r  Posts 
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Figure 25 .  Estimated Fuel-Side Circumferential TAD Exit Static 
Pressure Coefficients - 

Phase 11, With Diffuser Struts and Posts 


